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Background
Environment

An estimated 14.5% of global greenhouse gas emissions are emitted by the
animal agriculture industry each year, which is comparable to the emissions from the
global transportation sector annually (Gerber et al. 2013). Many diverse organizations
are conducting studies and reviews to determine how to run the animal agriculture
business most efficiently (Committee et al. 2015). EPA regulations to this industry are
startlingly lax (Agriculture 2017), and until the collected evidence is convincing enough
to sway congress, regulations will continue to be lax. In an opinionated exposé, Runge
(2007) explained how big agribusiness is able to produce tons of methane and CO2
each day without significant oversight. This journal piece compared the agriculture
industry to the tobacco industry, and predicted that it will take large swaths of people
becoming sick to alert the average citizen that something is wrong with the industry
(Runge 2007). An effective way to improve human health and the environment is to link
the two motivators (Institute... 2001), giving humans multiple motivations to achieve the
same objective.
Meat, eggs, and dairy products have been an important source of protein in the
U.S. for centuries (Daniel et al. 2011). In the past century, the United States has shifted

from a primarily rural and agricultural society to an urbanized large-scale-production
society (Adams 2006). The majority of U.S. citizens continue to follow diet trends set by
their ancestors, despite health-risks (Daniel at al. 2011), although the attitude towards
plant-based eating is shifting (Leiserowitz et al. 2017). Scientific magazines continue to
publish information on pursuing a more eco-friendly diet. Anthropocene recently
published “Dietary Recommendations for a Warming Planet” (Bryce 2017),
recommending high intake of vegetables, fruits, and nuts in order to decrease our
consumption of animal products. Bryce (2017) found that, by large numbers of citizens
switching to a plant based diet, greenhouse gas emissions would drop 13-24%, land
use would decline by 17%, and eutrophication would decrease by 21%.
More than half of arable land worldwide is used for the livestock industry in some
capacity (Westhoek et al. 2011). The land is used for grazing, feed production, or waste
disposal. The demand for grass feed far exceeds natural grasslands (Hererro et al.
2013). Planting grasslands and crops for livestock feed is the leading cause of
deforestation (Hererro et al. 2013), and also uses much more water per acre than a
typical natural grassland. One third of the world's freshwater goes to the livestock
sector, whether to water the livestock directly or to grow their feed (Hererro et al 2013).
More freshwater is polluted by improper manure disposal (Hererro et al. 2013). Beef
and dairy account for 70% of emissions from the livestock industry; ruminants (including
cattle) release high amounts of methane as part of their digestion process (Westhoek et
al. 2011). In addition to these statistics, the demand for animal products will only
increase as global population increases. Cutting out beef and replacing it with poultry

will still have high emission levels, but would lower the estimation for 2050 by around
10% (Pelletier & Tyedmers 2010).

Figure 1. This chart demonstrates liters of water needed to produce 1 kg of food. Animal
products use more water per kg of food produced. Ruminants (cattle) especially use water
inefficiently. Source: Thompson 2017.

Fisheries are also overburdened with production (Westhoek et al. 2011). At least
half of global fish populations are fully exploited (fully fished to maximum capacity- any
more fishing could lead down a path to extinction) and another quarter of the global fish
populations are at least overfished (Westhoek et al. 2011). Humans are reaching the
edge of fishable oceans (Jaquet 2017), which has motivated the rise in farmed fish.
Farmed fish are also inefficient because smaller fish are caught, transported, and fed to

larger fish (Jaquet 2017). Fish may also understand pain and suffering, which
diminishes the argument that eating fish is more ethical than beef or pork or chicken
based on the intelligence of the animal (Braithwaite 2010).
The animal agriculture business is responsible for disease, poor nutrition, a rise
in emissions, the removal of forest, and overuse of freshwater on earth, yet the industry
is a global economy and provides food security and jobs to billions worldwide (Hererro
et al. 2013). Any change to this system could hurt the livelihood of hundreds of
thousands of American citizens (Hererro et al. 2013).

Diet

The standard American diet is nutritionally inadequate. Three out of four
Americans don’t eat a single piece of fruit in a given day, and nine out of ten do not
reach their needed vegetable intake (NutritionFacts.org). Only 11% of the standard
American diet comes from whole, healthy plant foods (NutritionFacts.org). The standard
American diet is rich in meat and animal products, which have links to diabetes and
heart disease (Satija et al. 2017). NutritionFacts.org recommends eating more fruits,
vegetables, whole grains, and reducing meat intake to support a healthy lifestyle.

Figure 2. Protein requirements for healthy human life is 50 grams daily. United States citizens
consume an average of 90 grams per capita, per day. Only a third of that intake is from plant
protein. Data from the Middle East and North Africa demonstrates that average consumers can
obtain a day’s worth of protein from plant sources. Source: Ranganathan 2016.

Attitude towards alternative protein

Hartmann et al. (2015) compared the attitudes of Germans and Chinese towards
the consumption of insects to better understand why western cultures were resistant to
certain foods, even when that food was nutritious and cheap. There were no significant
differences between ages, genders, or education level- the only significant difference
were Chinese participants admitting to consuming insects in the past. Hartmann et al.
(2015) demonstrated that cultures must evolve, and education may not be enough to
convince people to overcome social inhibitions.

El-Beltagi et al. (2017) conducted a study comparing pizza quality with protein
content. This study uses dried carp powder and chickpea flour as a substitute for
predetermined percentages of the flour in a typical pizza dough (El-Beltagi et al. 2017).
It was determined that at low quantities, the consumers could not tell the difference or
even liked the altered pizza better, along with consuming more protein and more
nutrients with the altered crust. Exact percentages were calculated which kept the
integrity of the crust and didn’t compromise texture while delivering protein and
nutrients.
This approach could be helpful in the slow change of western ideals, as many
participants listed pizza as their favorite food (El-Beltagi et al. 2017). Nutrient rich and
high protein sources can replace flour without compromising on taste or texture.

Alternative Proteins
Plant Protein

On average, leafyv green vegetables only contain 1-2% protein in their caloric
makeup- the vast majority of plant macros are carbohydrates. (Nurzynska-Wierdak
2015). However, there have been techniques identified that could produce leafy greens
which are up to 16% protein and have an increase in nutrients overall
(Nurzynska-Wierdak 2015). The plant could now successfully carry all essential amino
acids if modified. Seaweed also contains a moderate amount of protein and can be
grown in tropical waters worldwide (Gjedrem at al. 2012). Legumes and nuts remain a
traditional source of plant protein (Polak et al. 2015).

Insect protein

Insects have many nutritional benefits- a good source of protein, calcium, and
iron, and many essential fatty acids (de Oliveira et al. 2017). The specific nutrition will
vary across insect species. Insects commonly consumed are between 30-60% protein,
measured from dry mass. Common culinary insects are also higher in fat, averaging
between 20-30% (Dobermann et al 2017). These statistics are comparable to chicken
meat in protein and fat composition. Insects also require much less feed and care than
cattle or other meat sources. Cattle require 8 kg of feed for every kg of meat produced,
where insects only require 2 kg of feed to produce the same (Dobermann et al. 2017).
Cattle are also inefficient because there are many parts unfit for human consumption.
With insects, the whole insect may be consumed, and reproduction rate is fast and
inexpensive (Dobermann et al. 2017). A study infusing wheat bread with insect flour to
increase nutrient content found that with 10% or less of cockroach flour being used,
there was no significant difference in texture, hardness, or taste (de Oliveira et al.
2017). With so many types of bread on the market, this could be an easy way to
increase the protein consumption of an average citizen with an unrefined palette. (de
Oliveira et al. 2017). A large hurdle facing the industry, besides consumer attitudes, is
digestibility of protein. Insects have exoskeletons of chitin, which decreases the
digestibility of the protein (Dobermann et al.). With the chitin removed, the quality of the
protein improved significantly. However, like any other business, adding a step in the

production line will increase cost, as well as decrease the dry mass obtained
(Dobermann et al 2017).

Marine Protein

Aquaculture is one of the fastest growing global industries, with an average
increase of 9.6% annually over the past several decades (Reilly and Kaferstein 1999).
Much of growing aquaculture has its base in Asia. This industry provides livelihood for
millions of small farmers, especially as the industry is beginning to rely on farmed
aquaculture rather than fresh caught (Reilly and Kaferstein 1999). Certain aquaculture
can provide high protein contents. There are several marine candidates to considermollusks, krill, jellyfish, and octopus. Each has its own positives and negatives, with
varying associated cost and nutrition. Similar to the animal agriculture industry, selective
breeding may be used on any of these marine candidates (Gjedrem et al. 2012). This
would increase efficiency and yield, cut cost, and may increase nutrient content and
protein percentages (Gjedrem et al. 2012).
Bivalve mollusks are already a regular part of eastern diets (Jaquet 2017).
Nutritional information was summarized by Minju and Chakraborty (2017), who
classified the bivalves studied to be high in protein and low in saturated fat. Methods of
collection can be found in Minju and Chakraborty (2017), including specific information
of vitamins and minerals. Bivalves also have minimal impact on their ecological
surroundings, and require little feeding (Jaquet 2017).

Octopi could be another source of marine protein. The issue with this approach is
that octopi are very smart and have ingenious problem solving skills (Estevez 2014).
They are also difficult to feed when born in captivity. It has been proposed to capture
juvenile octopi from the wild and cultivate from there, but then the cost is raised
(Estevez 2014). Putting aside these challenges, the octopus is lean seafood, low in
calories and high in nutrients. A 3 oz serving of octopus has 25g of protein, compared to
21g of protein in the average 3 oz of steak (Coffman 2017).
Jellyfish are already a multi-million dollar industry in the global economy, and
techniques are being researched in order to produce edible jellyfish en mass (Khong et
al. 2015). Jellyfish could be a good choice because certain species can be found year
round. Nutritionally, jellyfish are low in calories and fat, and high in water and protein
content (Khong et al. 2015). One of the major concerns of this industry is the high water
content of the species- between 95 and 98% of these jellyfish are made up of water,
leaving behind a surprisingly small amount of dried material (Khong et al. 2015).
Although this dried mass is high in protein, it does not carry all essential amino acids
like other marine examples (Khong et al. 2015). In order to make this protein source
sustainable, there will have to be significant economic investment to expand farmed
jellyfish outside of eastern Asia. In some areas of China, jellyfish has become popular
enough to overtake shrimp in the aquaculture (Khong et al. 2015).
Krill is commonly known as a food source for whales, squid, fish, and other
marine life. Krill meat is available for human consumption, but the industry is not
widespread or popular at the current time (Tou et al. 2007). The nutrition analysis

resembles the nutrition of shrimp. In traditional agriculture, higher protein content is
associated with higher fat content but with krill, the fat content is a small 1.5%,
compared to lean beef with 26% fat (Tou et al. 2007). Because of this low fat content
and high antioxidant levels, krill protein is high quality and nutritious (Tou et al. 2007).
Unfortunately, as with most other potential marine protein sources, the overall meat
yield is low in comparison to catch weight, as krill have an exoskeleton made of chiton,
which is also comparable to shrimp. While the exoskeleton does not provide additional
protein, it is edible and provides fiber (Tou et al. 2007).

Study
Objective

Many dietary studies have been conducted to link human health with different
food sources. This study will determine the health outcomes of switching to alternative
proteins instead of consuming the typical American diet. This will be a short term study,
lasting only 4 weeks. The goal of the study will be to determine whether replacing meat,
eggs, and dairy with alternative protein sources will be detrimental to human health. It
will be hypothesized that there will be no significantly different outcomes in health based
on the type of protein consumed.

Materials and Methods

Subjects
Methods for gathering participants are modified in part from Bevc and Silverman
(2000). Advertisements for the study will be placed in major newspapers in Milwaukee,
WI, stating that volunteers are needed for a study pertaining to alternative diets. A
phone number will be provided. An online advertisement will also be placed on recipe
websites, with permission, including an email to contact for more information
(Milwaukee county residents only). Callers and emailers will give their name, age,
gender, height, weight, current diet and list their allergies. If respondents have allergies
to shellfish, nuts, or dairy they will not be able to participate. Longtime vegans will not
be able to participate. Respondents will also be restricted from participating if they are
undergoing treatment for cancer, an autoimmune disease, or are pregnant.
Respondents with high blood pressure or heart disease may participate with permission
of their doctor. Additional volunteers will be recruited from UWM, Marquette University,
and the Medical College of Wisconsin. Students and professors are equally encouraged
to volunteer, and will meet the same allergy, illness, and medication requirements as
the call-in volunteers. All volunteers will be given a monetary incentive to participate,
and will receive their blood tests and physicals at no cost to the participants. Once 400
participants are gathered, they will be randomly sorted into 4 cohorts of 100 each. Each
cohort will follow a separate specific diet- a typical American diet, a vegan diet, a vegan
diet supplemented with insect protein, and a vegan diet supplemented with marine
protein. Participants will be assured of anonymity and will be sent a copy of the results
after the completion of the study.

Diets
Participants will adhere to their normal daily caloric intake, and continue their
normal exercise routines during this study. Participants will aim to consume between
45-65% of their daily calories from carbohydrate sources, between 20-35% from fat, and
between 15-25% from protein (Australian… 2017). If participants deviate severely from
these guidelines, their results will be disqualified (i.e. participant eats 80% of their
calories from carbohydrates for 5+ days in a row, participant never eats more than 5%
protein daily during the entire study). Disqualified participants and reason for
disqualification will be noted in the appendix of the study.
Each participant will track their daily food intake using an app called
“MyFitnessPal” (MyFitnessPal 2018). Participant will use a scale (provided at no cost to
participant) to measure their food portions in grams for better tracking. This app allows
recipes to be created with individual ingredients, which will be helpful when the
ingredients are unorthodox. Before the study begins, there will be a short tutorial on how
to use the app, and the researchers will help the participants create their recipes.
For participants on the insect diet and marine diet, foods that are difficult to
purchase on the open market will be provided and subsidized by the researchers.
Recipe books will also be provided to participants on the insect, marine, and vegan
diets. Participants on the typical American diet must have at least two servings of meat
or eggs per day, and at least 2 servings of dairy. On the marine and insect diet, lunch or
dinner must include the specified protein.

Participants will stay on their assigned diet for 4 weeks.

Biochemical Measurements
On the first day of the study, after fasting, venous blood samples will be obtained
to run a biochemical analysis, which includes analysis of RBC1, WBC2, hemoglobin,
hematocrit, creatinine, BUN3, uric acid, and blood cholesterol levels. Vitamin levels will
also be analyzed, focusing specifically on vitamins B12, A, C, Calcium, and Iron.
Another blood sample will be taken at the conclusion of the study. Blood samples will be
analyzed and cataloged immediately. Data will be treated with Mean±SD within the
cohort and input into Table 1 in the appendix. 1
Participants BP, BMI, heart rate, and body fat percentage will be taken the first
day of the study. These measurements will be retaken after 2 weeks on the specified
diet, and again at the conclusion of the study. (Yen et al. 2008, Kim et al. 2012)
Statistical Analysis
Participants with significant amounts of data missing will be excluded from the
study. Data will be analyzed using SPSS, available through Augustana College.
Differences in demographics, caloric intake, protein intake, and biomedical
measurements will be analyzed using Student's t-test. When data results were unevenly
distributed, differences will be determined by the Mann-Whitney rank test. Values used
will be Mean±SD. Pearson correlation will be used to assess relationships between
protein intake and BP, and between protein intake and blood cholesterol. An additional

1
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t-test will be used to analyze change in blood cholesterol over the course of the study
based on diet type. For Pearson tests, individual data collected post-study will be used.
Results will be considered significant if P<0.05. (Yen et al. 2008, Kim et al. 2012)

Conclusion

This study will show whether health is adversely affected by excluding
conventional protein from the diet. Each substitute protein will be found nutritionally
adequate or rejected as such. Researchers will discover negatives and positives of
each protein source from a medical perspective. Limitations of this study are the
participants, who may be untruthful or have outside sources act upon them to
unpurposefully alter the results. Unfortunately researchers cannot control for every
aspect of outside life. The data from this study will help Americans understand that
people can live healthy lives without protein from traditional animal products.
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APPENDIX
Table 1. SAD (standard american diet), VEG (vegan diet), INS (vegan diet supplemented with
insect protein), and MAR (vegan diet supplemented with marine protein) measurements both
pre- and post- study.
SAD
(pre)

SAD
(post)

VEG
(pre)

VEG
(post)

INS
(pre)

INS
(post

MAR
(pre)

MAR
(post)

BMI

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

BP

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

Heart Rate

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

Body fat %

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

RBC

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

WBC

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

hemoglobin

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

hematocrit

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

creatinine

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

BUN

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

Uric acid

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

Blood
cholesterol

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

Vitamin B12

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

Vitamin A

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

Vitamin C

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

Calcium

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

Iron

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

M±SD

